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We compared demographic/clinical variables (age, sex, educational level, age at dystonia onset, dystonia distribution, family history of dystonia, sensory trick, head tremor, medical conditions predisposing to pain) between patients with idiopathic cervical dystonia who reported neck pain and those who did not. Data from the Italian Dystonia Registry were analysed using univariable and multivariable logistic regression models. The final model indicated a higher frequency of sensory trick and a lower educational level among patients with pain. 

Introduction 
Cervical dystonia (CD), the most common type of adult-onset dystonia, is characterized by abnormal patterned head movement/posture due to involuntary contraction of the neck muscles (Castagna and Albanese 2019; Defazio et al. 2017). CD is associated with neck pain in up to 75% of cases which significantly contributes to disability and poor quality of life (Avenali et al. 2018; Charles et al. 2014). 
	The mechanisms underlying pain in CD are still largely unknown. Pain cannot be entirely attributed to muscle overactivity because botulinum toxin therapy and deep brain stimulation improve motor symptoms and pain to different degrees (Blackie and Lees 1990; Kulisevsky et al. 2000). Most likely, a central mechanism contributes to pain, as suggested by a reduction in conditioned pain modulation in CD patients (Tinazzi et al. 2019). Anomalies in descending pain inhibitory control are present in CD patients with and without pain (Tinazzi et al. 2019), thus predisposing patients to pain, though other additional factors might be involved for the pain to manifest. The relationship between pain and demographic/clinical features contributing to the development of pain in CD has not been fully addressed to date.
In this exploratory cross-sectional study involving a large cohort of CD patients, we assessed demographic and clinical variables (including age, sex, educational level, age at dystonia onset, dystonia distribution, family history of dystonia, sensory trick, head tremor, prior peripheral injury,  psychiatric and medical conditions predisposing to pain) for their possible association with neck pain. 

Methods
Data were retrieved from the Italian Dystonia Registry (IDR) (Defazio et al. 2017). We selected adult patients (>18 years) listed in the IDR as of December 2018 who had received a diagnosis of idiopathic adult-onset CD, either focal or as part of a segmental/multifocal dystonia, according to published criteria (Albanese et al. 2013). The study population was stratified according to the presence or absence of cervical pain occurring together with neck dystonia symptoms for 3 months or longer. The two groups were compared for demographic/clinical characteristics: age at onset; dystonia-associated features (e.g., tremor and sensory trick); family history of dystonia as reported via a validated self-administered questionnaire (Aniello et al. 2006); neck/trunk trauma prior to the onset of pain and severe enough to require medical attention, hospitalization or surgery (Defazio et al. 2020); lifetime history of depression diagnosed according to Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-V) criteria on the basis of medical records reported by patients; and lifetime medical conditions associated with or that predispose patients to pain symptoms (e.g., osteoporosis, rheumatic disease, arthritis, etc.). The study was approved by the Ethics Committee of the University of Cagliari (Prot. PG/2018/11698).
Unless otherwise indicated, all values are expressed as the mean ± standard deviation (SD). Data analysis was performed using the Stata statistical software package, version 11.0 (StataCorp, College Station, TX, USA). Logistic regression models with an unequal case/control ratio were used to assess the relationship between demographic/clinical variables and pain status. Exposure variables were represented by a single indicator variable (1 if the subject was exposed; 0 if not) or by a continuous variable (age, disease duration, years of schooling). Odds ratios (ORs), two-sided 95% confidence intervals (95% CI), and p values (likelihood ratio statistic) were calculated. Multivariate analysis was performed according to a model-building strategy devised by Hosmer and Lemeshow (1989;). A 0.5 level at the univariate test was used as a screening criterion for selecting candidate variables. After fitting the model containing all the study variables, we deleted the non-significant ones and fitted a new model. The importance of variables was assessed by examining the significance of each p value and comparing the estimated ORs between the new and the old models. Bonferroni correction was adopted for multiple analyses, and the Bonferroni corrected P value was 0.01 (0.05/5 variables). If a P value was less than 0.01, it was statistically significant. To check for type II error, the statistical power relative to each variable was assessed using the Schlesselmann equation for unmatched studies with an unequal case/control ratio, assuming a two-fold increase in the risk of having pain (two-sided) with p<0.05.

Results
The study population was 603 patients with idiopathic adult-onset CD, either focal (n=417) or as part of a segmental/multifocal dystonia (n=186). Since there was no significant difference in demographic/clinical features between patients with focal and those with multifocal/segmental dystonia (p>0.05; data not shown), the two groups were analysed together. The sample was composed of 398 women and 205 men; the mean age was 61.8±13.7 years; the mean duration of schooling was 10.1±4.4 years; the mean age at dystonia onset was 49.1±14.7 years; the mean duration of disease was 12.4±11.4 years. CD was associated with tremor in 318/603 (53%) and with an effective sensory trick in 219/603 (36.3%). Neck pain was reported by 347/603 (57%), but only 72/603 (12%) reported a medical condition associated with/predisposing to pain. There was a significant inverse correlation between sensory trick and disease duration (Spearman’s rho=-0.44; p=0.03).
CD patients with and without pain were similar for sex, disease duration, age at dystonia onset, head tremor, dystonia distribution, family history of dystonia, and depression (Table 1). There was a non-significant trend towards a lower age and a greater frequency of prior neck/trunk trauma and medical comorbidities among the CD patients with pain (Table 1). These patients were also noted for fewer years of schooling and a higher frequency of sensory trick (Table 1). The study had an estimated <80% chance of detecting a threefold modification in the risk of being associated with pain, with alpha=0.05 (two sided) for neck/trunk trauma and depression. The other variables yielded a study power >90%. The main effects model indicated sensory trick and lower educational level as significant independent predictors for pain (Table 2). The study findings did not change substantially when the patients with a medical condition associated with/predisposing to pain were excluded from analysis (Table 2).

Discussion   
Our analysis indicated sensory trick and lower educational level as independent predictors of neck pain in idiopathic adult-onset CD. In contrast, age, disease duration, head tremor, distribution and family history of dystonia, prior neck/trunk trauma, lifetime history of depression, and medical condition associated with/predisposing to pain were not associated with neck pain. Most of the negative findings were very likely valid, since all the variables except neck/trunk trauma and depression reached satisfactory study power. 
The association between neck pain and sensory trick is a novel finding for which there may be several explanations. Aside from a chance finding, neck pain might prompt patients to develop sensory trick, a self-developed manoeuvre that may relieve both abnormal posture and pain intensity (Ramos et al. 2014). Information on why and how patients developed their sensory trick was lacking, which precluded exploration of this hypothesis. An alternative explanation is that neck pain and sensory trick might share common pathophysiological mechanisms. A growing body of evidence has linked both pain processing and sensory trick to specific areas of the cerebellum (Kim et al. 2017; Brugger et al. 2019). Plasticity-based remodelling of the sensorimotor areas probably plays a direct role in the pathophysiology of dystonia, i.e., in the attenuation of abnormal muscle activity during a sensory trick, and a role in the development and maintenance of chronic pain symptoms as well (Brugger et al. 2019; Coombes and Misra 2016; Baarbé et al. 2018; Naumann et al. 2000). Our observation of an association between neck pain and lower educational level  in CD is shared by previous studies in neck/trunk pain and other painful conditions of various aetiology in diverse populations (Marttinen et al. 2019; Conte et al. 2019). The mechanisms underlying the association remain debated, however. Moreover, educational level may have an affect on access to health care in general and on the impact and reporting of pain in individual patients. 
A retrospective case-control study may be subject to biases; nonetheless, we believe that our study design and procedures minimised most of them. Recruiting consecutive CD patients in a multicenter setting created a cohort similar to the general population of cases (Defazio et al. 2017; Avenali et al. 2018; Albanese et al. 2013). Although the educational level was lower in the CD patients with pain and the repeatability of information was not verified, differential recall between patients with and without pain was unlikely for most of the clinical factors because the two populations were closely matched for the degree of medical care, clinical features, and disease duration. Data on a lifetime history of depression was retrieved from patients’ self-reports, which may have underestimated the condition. Bias caused by the assessors being unblinded to pain status was also unlikely since the assessors were unaware of the study hypotheses. The frequency of sensory trick in the present study population was lower than in previous samples. This may have been due to the fact that sensory trick tends to appear early in the course of the disease and then gradually lose its effectiveness with advancing disease duration and progression. Accordingly, we found an inverse correlation between disease duration and sensory trick.
Our analysis did not take into account the use of pain medications or botulinum toxin therapy. Our sample included patients with medical conditions associated with or predisposing to pain that may have confounded neck pain classification and study results. However, the multivariable analysis excluded potential confounding due to certain variables and the study findings did not change substantially when the patients with medical conditions associated with or predisposing to pain were excluded from analysis. Owing to unsatisfactory study power, we cannot draw any definite conclusions on the possible association between pain and neck trauma/depression. Finally, we did not measure dystonia severity; the contribution of this factor to pain may be a subject for future studies. 
These limitations notwithstanding, our findings suggest a relationship between pain and sensory trick. The findings are consistent with the known abnormal processing of sensory stimuli in dystonia (Conte et al. 2019), a concept that could theoretically be extended to the nociceptive system. Our findings also suggest that factors related to educational level might modulate the clinical expression and reporting of pain in CD, as has been observed for other chronic painful conditions. Information about the mechanisms underlying pain, sensory trick, and educational level in CD is scarce and precludes definite conclusions on the associations we found. There is a need for further research in this area.

Author roles. Michele Tinazzi and Giovanni Defazio conceived the study, performed the analysis, and reviewed the manuscript. Michele Tinazzi and Roberto Erro wrote the first draft. All other authors contributed to data collection and reviewed the manuscript.

Funding. This research did not receive any specific grant from funding agencies in the public, commercial or not-for-profit sectors. 

Compliance with ethical standards 
Conflict of interest. The authors declare that they have no conflict of interest related to the current work
Ethical approval. This study was approved by the local Ethics Committee and was performed according to the Declaration of Helsinki. We also confirm that we have read the Journal’s position on issues involved in ethical publication and affirm that this work is consistent with those guidelines.







Albanese, Alberto, Kailash Bhatia, Susan B. Bressman, Mahlon R. DeLong, Stanley Fahn, Victor S.C. Fung, Mark Hallett, et al. 2013. “Phenomenology and Classification of Dystonia: A Consensus Update.” Movement Disorders 28 (7): 863–73. https://doi.org/10.1002/mds.25475.Aniello, Maria Stella, Davide Martino, Gianluca Masi, Paolo Livrea, and Giovanni Defazio. 2006. “Sensitivity and Specificity of a Self-Administered Questionnaire for Familial Screening of Adult-Onset Dystonia.” Movement Disorders 21 (4): 571–75. https://doi.org/10.1002/mds.20760.Avenali, Micol, R. De Icco, M. Tinazzi, G. Defazio, L. Tronconi, G. Sandrini, and C. Tassorelli. 2018. “Pain in Focal Dystonias – A Focused Review to Address an Important Component of the Disease.” Parkinsonism & Related Disorders 54 (September): 17–24. https://doi.org/10.1016/j.parkreldis.2018.04.030.Baarbé, Julianne K., Paul Yielder, Heidi Haavik, Michael W.R. Holmes, and Bernadette Ann Murphy. 2018. “Subclinical Recurrent Neck Pain and Its Treatment Impacts Motor Training-Induced Plasticity of the Cerebellum and Motor Cortex.” PLoS ONE. https://doi.org/10.1371/journal.pone.0193413.Blackie, J. D., and A. J. Lees. 1990. “Botulinum Toxin Treatment in Spasmodic Torticollis.” Journal of Neurology, Neurosurgery & Psychiatry 53 (8): 640–43. https://doi.org/10.1136/jnnp.53.8.640.Brugger, Florian, Amy Peters, Dejan Georgiev, Georg Kägi, Bettina Balint, Kailash P. Bhatia, and Brian L. Day. 2019. “Sensory Trick Efficacy in Cervical Dystonia Is Linked to Processing of Neck Proprioception.” Parkinsonism & Related Disorders 61 (April): 50–56. https://doi.org/10.1016/j.parkreldis.2018.11.029.Castagna, Anna, and Alberto Albanese. 2019. “Management of Cervical Dystonia with Botulinum Neurotoxins and EMG/Ultrasound Guidance.” Neurology: Clinical Practice 9 (1): 64–73. https://doi.org/10.1212/CPJ.0000000000000568.Charles, P. David, Charles H. Adler, Mark Stacy, Cynthia Comella, Joseph Jankovic, Aubrey Manack Adams, Marc Schwartz, and Mitchell F. Brin. 2014. “Cervical Dystonia and Pain: Characteristics and Treatment Patterns from CD PROBE (Cervical Dystonia Patient Registry for Observation of OnabotulinumtoxinA Efficacy).” Journal of Neurology 261 (7): 1309–19. https://doi.org/10.1007/s00415-014-7343-6.Conte, Antonella, Giovanni Defazio, Mark Hallett, Giovanni Fabbrini, and Alfredo Berardelli. 2019. “The Role of Sensory Information in the Pathophysiology of Focal Dystonias.” Nature Reviews Neurology. https://doi.org/10.1038/s41582-019-0137-9.Coombes, Stephen A., and Gaurav Misra. 2016. “Pain and Motor Processing in the Human Cerebellum.” Pain. https://doi.org/10.1097/j.pain.0000000000000337.Defazio, Giovanni, M. Esposito, G. Abbruzzese, C. L. Scaglione, G. Fabbrini, G. Ferrazzano, S. Peluso, et al. 2017. “The Italian Dystonia Registry: Rationale, Design and Preliminary Findings.” Neurological Sciences 38 (5): 819–25. https://doi.org/10.1007/s10072-017-2839-3.Defazio, Giovanni, Giovanni Fabbrini, Roberto Erro, Alberto Albanese, Paolo Barone, Maurizio Zibetti, Marcello Esposito, et al. 2020. “Does Acute Peripheral Trauma Contribute to Idiopathic Adult-Onset Dystonia?” Parkinsonism & Related Disorders 71 (February): 40–43. https://doi.org/10.1016/j.parkreldis.2020.01.002.Hosmer, D.W., and S. Lemeshow. 1989. "Applied Logistic Regression". Wiley. https://doi.org/10.1002/sim.4780100718.Kim, Woojin, Sun Kwang Kim, and Junichi Nabekura. 2017. “Functional and Structural Plasticity in the Primary Somatosensory Cortex Associated with Chronic Pain.” Journal of Neurochemistry. https://doi.org/10.1111/jnc.14012.Kulisevsky, Jaime, A. Lleo, A. Gironell, J. Molet, B. Pascual-Sedano, and P. Pares. 2000. “Bilateral Pallidal Stimulation for Cervical Dystonia: Dissociated Pain and Motor Improvement.” Neurology 55 (11): 1754–55. https://doi.org/10.1212/WNL.55.11.1754.Marttinen, Maiju K., Hannu Kautiainen, Maija Haanpää, Heini Pohjankoski, Hanna Vuorimaa, Jukka Hintikka, and Markku J. Kauppi. 2019. “Pain-Related Factors in Older Adults.” Scandinavian Journal of Pain 19 (4): 797–803. https://doi.org/10.1515/sjpain-2019-0039.Naumann, Markus, Stefanie Magyar-Lehmann, Karlheinz Reiners, Frank Erbguth, and Klaus L. Leenders. 2000. “Sensory Tricks in Cervical Dystonia: Perceptual Dysbalance of Parietal Cortex Modulates Frontal Motor Programming.” Annals of Neurology 47 (3): 322–28. https://doi.org/10.1002/1531-8249(200003)47:3<322::AID-ANA7>3.0.CO;2-E.Ramos, V. F. M. L., B. I. Karp, and M. Hallett. 2014. “Tricks in Dystonia: Ordering the Complexity.” Journal of Neurology, Neurosurgery & Psychiatry 85 (9): 987–93. https://doi.org/10.1136/jnnp-2013-306971.Tinazzi, Michele, Giovanna Maddalena Squintani, Kailash P. Bhatia, Alessia Segatti, Francesco Donato, Massimiliano Valeriani, and Roberto Erro. 2019. “Pain in Cervical Dystonia: Evidence of Abnormal Inhibitory Control.” Parkinsonism & Related Disorders 65 (August): 252–55. https://doi.org/10.1016/j.parkreldis.2019.06.009.
Aniello, Maria Stella, Davide Martino, Gianluca Masi, Paolo Livrea, and Giovanni Defazio. 2006. “Sensitivity and Specificity of a Self-Administered Questionnaire for Familial Screening of Adult-Onset Dystonia.” Movement Disorders 21 (4): 571–75. https://doi.org/10.1002/mds.20760.
Avenali, Micol, R. De Icco, M. Tinazzi, G. Defazio, L. Tronconi, G. Sandrini, and C. Tassorelli. 2018. “Pain in Focal Dystonias – A Focused Review to Address an Important Component of the Disease.” Parkinsonism & Related Disorders 54 (September): 17–24. https://doi.org/10.1016/j.parkreldis.2018.04.030.
Baarbé, Julianne K., Paul Yielder, Heidi Haavik, Michael W.R. Holmes, and Bernadette Ann Murphy. 2018. “Subclinical Recurrent Neck Pain and Its Treatment Impacts Motor Training-Induced Plasticity of the Cerebellum and Motor Cortex.” PLoS ONE. https://doi.org/10.1371/journal.pone.0193413.
Blackie, J. D., and A. J. Lees. 1990. “Botulinum Toxin Treatment in Spasmodic Torticollis.” Journal of Neurology, Neurosurgery & Psychiatry 53 (8): 640–43. https://doi.org/10.1136/jnnp.53.8.640.
Brugger, Florian, Amy Peters, Dejan Georgiev, Georg Kägi, Bettina Balint, Kailash P. Bhatia, and Brian L. Day. 2019. “Sensory Trick Efficacy in Cervical Dystonia Is Linked to Processing of Neck Proprioception.” Parkinsonism & Related Disorders 61 (April): 50–56. https://doi.org/10.1016/j.parkreldis.2018.11.029.
Castagna, Anna, and Alberto Albanese. 2019. “Management of Cervical Dystonia with Botulinum Neurotoxins and EMG/Ultrasound Guidance.” Neurology: Clinical Practice 9 (1): 64–73. https://doi.org/10.1212/CPJ.0000000000000568.
Charles, P. David, Charles H. Adler, Mark Stacy, Cynthia Comella, Joseph Jankovic, Aubrey Manack Adams, Marc Schwartz, and Mitchell F. Brin. 2014. “Cervical Dystonia and Pain: Characteristics and Treatment Patterns from CD PROBE (Cervical Dystonia Patient Registry for Observation of OnabotulinumtoxinA Efficacy).” Journal of Neurology 261 (7): 1309–19. https://doi.org/10.1007/s00415-014-7343-6.
Conte, Antonella, Giovanni Defazio, Mark Hallett, Giovanni Fabbrini, and Alfredo Berardelli. 2019. “The Role of Sensory Information in the Pathophysiology of Focal Dystonias.” Nature Reviews Neurology. https://doi.org/10.1038/s41582-019-0137-9.
Coombes, Stephen A., and Gaurav Misra. 2016. “Pain and Motor Processing in the Human Cerebellum.” Pain. https://doi.org/10.1097/j.pain.0000000000000337.
Defazio, Giovanni, M. Esposito, G. Abbruzzese, C. L. Scaglione, G. Fabbrini, G. Ferrazzano, S. Peluso, et al. 2017. “The Italian Dystonia Registry: Rationale, Design and Preliminary Findings.” Neurological Sciences 38 (5): 819–25. https://doi.org/10.1007/s10072-017-2839-3.
Defazio, Giovanni, Giovanni Fabbrini, Roberto Erro, Alberto Albanese, Paolo Barone, Maurizio Zibetti, Marcello Esposito, et al. 2020. “Does Acute Peripheral Trauma Contribute to Idiopathic Adult-Onset Dystonia?” Parkinsonism & Related Disorders 71 (February): 40–43. https://doi.org/10.1016/j.parkreldis.2020.01.002.
Hosmer, D.W., and S. Lemeshow. 1989. "Applied Logistic Regression". Wiley. https://doi.org/10.1002/sim.4780100718.
Kim, Woojin, Sun Kwang Kim, and Junichi Nabekura. 2017. “Functional and Structural Plasticity in the Primary Somatosensory Cortex Associated with Chronic Pain.” Journal of Neurochemistry. https://doi.org/10.1111/jnc.14012.
Kulisevsky, Jaime, A. Lleo, A. Gironell, J. Molet, B. Pascual-Sedano, and P. Pares. 2000. “Bilateral Pallidal Stimulation for Cervical Dystonia: Dissociated Pain and Motor Improvement.” Neurology 55 (11): 1754–55. https://doi.org/10.1212/WNL.55.11.1754.
Marttinen, Maiju K., Hannu Kautiainen, Maija Haanpää, Heini Pohjankoski, Hanna Vuorimaa, Jukka Hintikka, and Markku J. Kauppi. 2019. “Pain-Related Factors in Older Adults.” Scandinavian Journal of Pain 19 (4): 797–803. https://doi.org/10.1515/sjpain-2019-0039.
Naumann, Markus, Stefanie Magyar-Lehmann, Karlheinz Reiners, Frank Erbguth, and Klaus L. Leenders. 2000. “Sensory Tricks in Cervical Dystonia: Perceptual Dysbalance of Parietal Cortex Modulates Frontal Motor Programming.” Annals of Neurology 47 (3): 322–28. https://doi.org/10.1002/1531-8249(200003)47:3<322::AID-ANA7>3.0.CO;2-E.
Ramos, V. F. M. L., B. I. Karp, and M. Hallett. 2014. “Tricks in Dystonia: Ordering the Complexity.” Journal of Neurology, Neurosurgery & Psychiatry 85 (9): 987–93. https://doi.org/10.1136/jnnp-2013-306971.
Tinazzi, Michele, Giovanna Maddalena Squintani, Kailash P. Bhatia, Alessia Segatti, Francesco Donato, Massimiliano Valeriani, and Roberto Erro. 2019. “Pain in Cervical Dystonia: Evidence of Abnormal Inhibitory Control.” Parkinsonism & Related Disorders 65 (August): 252–55. https://doi.org/10.1016/j.parkreldis.2019.06.009.













 PAGE 



1



